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Bteent hf moSIS orbiting tbo datnwAifk atvlgiaa > 

hm roQonfixMd tbo tziitoiieo of th<6 otrong tastword blootxojtt. | 

current eystea la the eqioatonal Ionosphere* Xaeda et al (1982) | 

hate reported e systea&tid change In the eastward (I or D) coaponent f 

of the oagnetlo field on the dusk side dip equator which they hawe / 

attributed to a v^rldianal oirrent systea which closes Itself through * 

CMwd 

north-south currents at the base of the yertlcal currents^the field | 

aligned currents, basically In the dusk-rerldlan* Here we report a ' 

systoiatic change’ In all the three coeqponaats of the field near the 

dip equator and propose a new aodel for the yertlcal currents which : 

will account for not only the Y-but also the X-conponent (north) of 
« 

the field* It Is .alrea<]y known from the ground (Katsushlta & Campbell 
1967)t as wdl as space (OnwunechlUi and Agu, 1981) obsenratlons 
that the height-integrated electrojet intensity yaries with local 
time* Naturally this does not satisfy the vanishing of the divergence 
of the curreit density* We propose a vertical current density 
propotional to the eastward gradient ( ^y) of the horizontal 

t 

d.ectrojet currents to'be flowing at all local times* As to the 
yertlcal extent of the currents we do not speculate ouch* They 
may connect thasselyes with a possible F-layer current (Dahau and 
Hamanelli, 1979) or with the field aligned currents* We also preset 
a numerical calculation of the fields generated by such a vertical 
current system* The horizontal jet curmets together with the 
associated yertlcal currents can account for the HAGGAT observations 
as well as the simultaneous ground data collected from the observatory 
situated near the dip equator In the Indian subcontinent* 





fiata Baduotion t lit h«rt ateMB 4 i|itUt pwiod t iar« ai^» 1$?^ | 

Hnd havt reatrletad our studitt utar tte dip atuator and th* 
longitude Tout of 6QfS to flit aain flAd it reaoetd froM 

the MAOSAI data oootaintd in tht KASlUtupplitd t^ Ithtlltd as 
GBOKFZir* Tht field aodtl used it HOST (V 8 I) of Langtl tt al 096l){ 
the Baxiaua degree and order of the terns in the nod^ is 13 * The 
CHCM?IN data contain 16 neasured ealues per seoond along the satellite 
path ifhereas the aeallsible orbit data are only one per adnuite* 

MUaerioal inter^polation aetbod it «iplo/ed get the orbit data 
for the intemediate periods* To save eonputer tine we have read 
every eigth data point fron the tape* The residual field after 
subtracting the aain fidd vas averaged over a five^seeond interval 
(idiich means averaging over about 3 km) in mrder to minimise the 
random error involved in the interpolation of the orbit data* 

Correction due to the ring currents vas perfomed as described by 
Langd^(198l)* 

Results and Discussion t j 

Do- fig 1 ve have plotted a fev latitudinal profiles of the 
residual fields (without ring current correction) sin different 
longitudinal sone in the dawn meridian* Although the overall 
f eautures are the same, there are still variations of a few gammas 
between the values at a given latitude but different longitudes* 

Since Y component (east) is not much affected by the ring 
currents and the ionospheric currents in the dawn sector are presumed 
to be small, it is clear that the contributions from the crustal 
anomaly fields are not negligible and need to be corrected* It so 
happens that the crossover point between the morning and the evening j 
passes in any longitudinal sons is very near to the dip equator as 



thowa la Flg*2* fhartfortt itibtraeUag tht lomtag viAtiat twm tiM I 
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evening pens TiXaet at a paartlauSar iatltade idll allwtnagt tha 
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crustal anonOjr flAd to sobs aztanti atleast la ttee aaigttbourliood 
of the exostover point* The resulUag fiaid ooBpoaents irhioh eaa 
be assuned to be arsiag froa the ionospheric eiureatSi have been 
shown in Figs* 3 a,b. 

Siqpporting ground data from the three Cbsenratories (Trivandrun 
Kodikanal and iimaalainagar with dip latitudes - 0*5* t 1*5* and 

a 

2*9* respectively) in the approadnate longitude sone of to 79*& f 
have been subjected to the saae ring current correction as that of ^ 
the satellite data* The field components at 18*00 hrs local time ‘ 
minus those at 6*00* hrs local time and averaged over the three days . 

* V 

♦ 

Nov* 21-23y 1979t have been shown in Fig* ^* The l>-vanati<» 
(east-vest component of the field) is negligibly small and therefore * 
has not been shown* 

Strictly speaking the ring current corrections for the ground 
data ^uld have been done from a global analysis of ground based 
data only* Since such an analysis is not available for the period 
concerned we have assumed that the ring current potential at the 
gouund level is the same as that at the sat^ite level* 

Aj^thottgh fields In figs* 3 ayb have been plotted as a function 
of geographic latitude t rather than dip->latltudet it is dear that 
X-component is fairly sysnetrical about the dip equator* On the 
otheihand) Y-cooponent esdilbits certain amount of asynnetxy* The 
dusk meridian results of Maeda et al (1981) do not show this asymmetry 
There are two distinct features evident from the results derived from 



thttt of tiM lAifo mttir ia 4«tOt 

X ond z eonroBcnta (Olz* 3 0 |b) art ooaaiatMt vit)i tbt noat-coat 

oloetrojft flowlxig btlov tbo fotoUIAo htigbt ( 360 to $00 ko}* 
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According to standard de^rojot aodds (lacobi 1965 ; Itetsashlta 

& Caigiibdly 1967 ; Dahau it BcoanelXit 1979) tbt current daai»lty 

is aloost constant to about 300 ka In tba V-S direction froa ths 

dip equator and then falls off very sharply with the latitude* 

LatitudinitL profiles of X and Z at the mOSAf height are rather 

flatter than those at the ground level* This is only expected for 

0 

the slaple reason that the satellite height from the jet level is 
about 2*6 tiaes ( y^26o ka) greater than the jet height froa'tbe 
ground ( «/*100 ka)« 

2* The next point of Interest is the observation of small 

but finite Y * field at the satellite height* The sign of X 
(positive in the southern and negative in the northern side of 
the dip equator) is not eoi^tible with the Sq currentsi* This 
indicates the existence of a vertical current systes at . the equatoria; 
ionosphere as conjectured by Maeda et al (1982)* 

It must be remembered that the observed fields ore the combi) 
effect of the ionospheric Jet as veil as its Induced image-current 
system belov the ground levd* Moreover, if we postulate a vertical 
current system in order to explain the Y-field at the MAGSAT 
height, a fraction of the observed ]&>field also must be due to 
these currents* Let us examine the numerical values of certain 
relevant parameters in order to check the internal consistency 
of this hypothesis* 
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Tbt fnetion of tilt total 6bttrraA flald dot to tbo iDdoead . 
eurrtnta la aoanrhat doptadont oa tbt latitudinal axtcnt of tl^ 
eleotrojat and tha depth of the inase ourrenta* TUlXovinc the « 
reaulta of 7aoob (1963i 1977} and Duhau Ronanelli (1979) ve aaauno • 
that the eleotrojetyvith half vidth of about 500 kn in the lt-3 
direction* ia approximately at 105 km altitude; and the induced 
currents flov at a depth of about 5^6 km beloir the ground. FoUouing 
this model it can be shown that at the dip eguator the ratio of 
the field due to' the image current to the field due to the jet 
current is approximately .Mf on the ground and about .38 at the 
satellite height respectively. Therefore, out of 20^ field (for X) 
observed at Trivandbnim (fig approximately 13*8^ can be attributed 
to be due to the let current and 6.2 ^ to be due to the image current 
respective. This current system, th&i should yield - 10^ at the 
satellite height whereas the image contribution should be <«> 3.7'} ' 

The observed - 15^ field at the satellite height, thus, demands that 
the contribution of the vertical currents density to X must be of 
the order of -8 i with 'its contribution of about 5 to 6/ to X - field 


Vertical Current Model. 


The ground observation shows that the elect rojet currents 
are predominantly in the west east direction at all local times. 
However, the Jet intensity is a sharply varying function of local 
time. This is demonstrated in fig .5 where we have ploted the local 
variation of the borisontal component H, normalised by its peak value 
and averaged over the three days (Nov. 21 - 23 , 1979 ) for an equatorial 
station TKV (dip latitude a - 0.5® 1 geographic longltudd a 76» 57 'E). 
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- • - OrmR QUALITY 

Ommaeclillll and (t$6l) alto aaadtti a d fvDS tlie POOC aattlUta 
data that tht atranth of tha jat ia tha aid-aoniing and al^Uaftamooa 
is vtakar than its noohr TalM aLthoufh its latitudinal wid!^ is s»ra 
or lass unifoxB* 

9- 

These ohserrationsi together with KiOSAT results analysed shove 
prompt us to h^eve that a vertical eurrent density exists at all local 
times which is related to the gradient of the horisontal jet currents^ 

where I is parallel to the equatorial jet direction and z is .the 
-vertical direction respectively • Jz is the vertical current density 
(In units of amp/squa^ ka) and is the height integrated horisontal 
current Intensity (in units of ampAm) respectively* We perform a 
numerical calculation of the contribution of this vertical current 
system to the 7 component of the fidd at the MAQSAT height* Local 
time variation of J, is derived from the gradient of normalised H 
shown in fig 5« We assume the vertical current starts fr^ 100 km 
height and extends upto ah arbitrarily great height) sayi 9000 km. 

If the peak value of be 300 amp/km and if the latitudinal extent 
of horizontal jet current be ♦ 300 km* ) the resulting vertical currmit 
will produce 5 ^ for 7 in the evening sector at the MAOSAT height* 

The correspoziding contribution to X is about 6 9* The contribution 
of these vertical currents to the ground fields are one order of 
magnitude l ^ss* on the other hand if the vertical extent of the 
currents) is jUst below the sat^jLite height) peak has to be more 
Intense (600 ampAm) to produce the same fidld* Even if the electro jet 
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or rooR ouAurf 

halt tfldtn it tUgfatly tildtr» tajr ^ 35b )Bi» ttiU tht rt«iir«d ciurm% 

♦ 

dentltj Is v«rar iJilfh** (5lO sripAr)* Oaob iilgn for tlas lot 

has not been Obsarred on tbf grounds thtrsfora* ot balisvs tht 
vertical extent of the current to bo aiob greater than the HA02AT 
height* In the dawn side of the ionosphere the horlsontal currents 
as well as their gradient are oaoh weaker than their duak side 
values as can be seen fron fig* 5* therefore the dusk-dawn differenoo 
of the field values as plotted in fig* 3 indeed represent the 

o 

dusk values ) as we have elained earlier in this paper* a 

f 

o 

Vertical ezt«at of J_ 

a 

Although the vertical current aodSI satisfaetoriloT explains 
both the KA6SAt data and the correspondii^ ground data, one Bust find 
and outlet for these curroits* It is possible that these vertical ‘ 
currents connect thenselves with the F-layer dynamo fields, the 
existence of which has been conjectured by Biany authors in the past 
(Ouhau and Ronanelli, 1979,)* They znay also find a return path in 
the field aligned currents at the top of the ionosphere. The 
theoretical estimates of the field aligned currents which flow between 
the two hemispheres are of the order of 5 x 10*^ ca/t? (Taxeda, 1982}* 
The main difficulty in postulating a vertical current density at the 
equator is that is assumed to be zero in all dynamo calculations 
for the horizontal curroit systems* For the electro jet, 300 ampAn 

height - integrated currents over a vertical height of about 10 km 

« 

(width of the £ layer) means a current density of 30 anqp/Sq-kn* In 
contrast, the vertical current densitylin our model turns out to « 
be of the order of *03 sn^sq km which is three orders of magnitude 


less than tlw horlsootal eurreiit density, tberefm, tlie TertlosI 
eurrtnt aodA dees not inteifere with tbs dyasao osleuutloii iibsst 
it esn still jbe regarded as stro. 

* J 
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1 Ooogx^pbie Lttltttdinal pvoni« of the iu>rth (X) i . 

eatt <7) and tht ▼eptleal (Z) eoapononts of tho 
residual fields for. a f ev down posses of the l *4 08A t 
on Xof. 21*23> 1979. Dip equatorial crossings 
are appr^loatelp in the longitude (gcographlo) 
sone of <a) 1l4«£, (h) 91*£| <o) (d) lom 

(e) 77*£‘ respectively. ] 

=•»" 

2 Two typical consecutive aoming and ti#o consecutive ; 

evening orbit positions of MAG3AI. The evening 
passes cross the noxning passes in the latitude- ^ 
longitude plane at a point slightly north of the ^ 

dip eqhator. The radial co4>rdlnatcs near the 

'cross over points are indicated by the arrows. 

X 

3 a,b The latitudinal (geographic )profUe of the three 

. « 

. components of the magnetic fields at the lUU}.tAT 
height arising from the dusk side Ionospheric 
currents t 

(a) the solid line represents the negative of 
X-eomponent and the dashed line plots the Y- 
eomponent respectively. . 

<b) It shows the Z-cosponent of the field. The 
northern latitudes are positive. The average 
position of the dip-equator is Indicated by an 
arrow; 

If The Ionospheric contribution to the X and Z 

components of the magnetic field at 18-00 local 
tine as observed at the ground observatories. 

The data hove been averaged over three days 
Nov. 21-23, 1979. 

5 Local time variation of the Ionospheric contribution 

to the X coBg)oncnt of the field at TRF (dip 
latitude B -O.F^) normalised by its peak value 
near the local noon. 
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FIG. 4 
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FIG. 5 



ase HIS- 

-jnalioii ol earth 
, jjny us« (wd» 


ffsrrf 


E 83 ' 10 ^^^ 


Z(^iSGBXUL ION03IBEBIC CGBREKTS DERIVILD FBCM MAfiSAT DAIA 


Magiashl Roy 


Ixktlan Institute of Geomagnctlsa 
Cdaba) Bombay - 4O0 005* 
India* 


Abstract 


The MAOSAT data on the three coaiponents of the geomagnetic 
field eure subjected to ring current correction and crustal anomaly 
elimination near the dip equator. The evidence of a strong vest 
east electro Jet current below the satellite height ('^350 km) is 
confirmed. Strong evldmice of east west component of the field 

r 

suggests the existance of a vertical current originating at the 
Jet level and extending upwards. A model calculation shows that 
such a current system can explain the satellite data as well as 
the ground data. 
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Zntroduetioa 

Recent obsexratlons by MAfiSAX orbiting the dawn-dusk aexidian 
have reconfirmed the ezlstmnce of the strong eastward electro Jet 
current system in the equatorial ionosphere* Macda et al (1982) - 

have reported a systa&atic change in the eastward (f or D) component 
of the magnetic field on the dusk side dip equator which they have 
attributed to a viridianal current system i^ch closes itself through* 
north^south currents at the base of the vertical currents^the field : 
aligned curr^ts, basically in the dusk-meri(Uan* Here we report a 
systematic change in all the three components of the field near the 
dip equator and propose a new mod^ for the vertical currents which 
will account for not only the Y-but also the X-component (north) of 
the field* It is .already known from the ground (Matsushita & Campbidl 
1967)} as w^l as space (OnwumechlUi and Agu, 1981) obsezvations 
that the height-integrated electro jet intensity varies with local 
time* Naturally this does not satisfy the vanishing of the divergence 
of the current density* We propose a vertical curr&it density 
propotional to the eastward gradient ( ^y) of the horizontal 
electro jet currents to*be flowing at all local times* As to the 
vertical extent of the currents we do not speculate much* They i 

may connect themselves with a possible F-layer current (Dahau and \ 
Hamanelll} 1979) or with the field aligned currents* We also present | 
a numerical calculation of the fields generated by such a vertical 
current system* The horizontal jet curmets together with the | 

associated vertical currents can account for the MAGSAT observations | 
as well as the simultaneous ground data collected from the observatory | 
situated near the dip equator in the Indian subcontinent* j 


